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5 Field of Use lavea tion 

Ok menno o?I \. < < ^ K> kK .ai *oi 

treatment of Uintr ear ddordcra such oa uu-.tuv fo p^beuUn sm. ir.uiii^ ?ch> ^ to the use of 

j UE i i M * ! - s A° v I Oil V 
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rtiodow hu c nine . < e WOd _e ^anaK N 
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- v 1 v - mediated signals hip ventian 
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Background of the Invention 

20 \s < s i * ' ! * i 

<. m ^ range from ; >do to profonnd, and may also be associated with conditions o ( as 

iv ui - sv ! >u !>nd< ibnocai^ 

i ? snd I'dPi « do 

25 n , , ^ , i > uorentl} 

, y \ ] ) j m osK-b copamimicatioi nd even mi id 

nopant <. i , ! i 5 > ii' f t i ! N a 1 1 .» t \ 

, x ^ i 5 j <.v < p o fL at 

risk, 
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displacement of the basilar membrane i" activity of the priiuary auditory afferent nerve fibers 

fib. hi^n.v. 1^0, / g , ?ud*19^5) AVm'^W 4"?:44^~47o) lhc .OK«iropic k pte tl 1 1 J 

hitatruit.ei.nl jots d 5 taV exe ! *<n:oxv synaptic irmsmission include * ee types oi ecep 

whiUf arc \utxi-co wrtlu.tr > > o mms N-md^l-D,^ o t NMDA), u-amino-3- 

5 h i> i t j i x ! ! n i v t v i\ 

n-.o,{>- >nop:, : copies y o:> , p >a 1 r> \ , arrx y or >.\mpkd so an nauvedU >. - ae:vmva) 
v i ] , ,J | s < < < «u» ^ K \ i ^ » - » k» ^ 

h-Siu i x i t > u i u s »_ v ! , , > , W \'\ o\ N^4D>, 

V t n f h • < j ! s <. * > in k h 4 v t • i i i U ^ . a 

1 o p (K suggests ig that these receptors nil coexist on 

primary auditory .nerve ceils. 

ik imo v <. t v. «' oo »ia\-a ok c >\i <• **fT!io 

,uik»i ! v > t t ♦ x. a\va Vn uiou ft> ' *' - ssrekasfed 

1 5 in large amounts or when incompletely recycled its the cochlea Cochlear excitotoxicity plays a. 
ole tl eliemic or noise induced sudden d« J lass as so 1 as in ii « it is (P tjol 4 si < 1 
NYAcadSd. 884:249-54; Pujol ^ai (il^):i^«^.3.:299~302; Fuel (1994) / 
Com/?. J\fe«r<?/. 341:241-256; Fuel (1995), supra). 

20 v too c v ' i v * sk"» w * * h u phase - 

>< n i ^ o " 10 > ' v v n s - > 

c ifhs h'ik n v - > * ^ ^ < t 1 K k oi as , 

n-n'onaKl. aib ^vio > > * - ^ 1 <■ ^ ' after swr^ 

>j i , v. ^ q"Cj2 x 

25 which leads to neuronal death in the spiral ganglion. Neo^ynaptogenesis and functional 

> \\ \ ard ut >ol C| i 

Prevention >a otoxk y has sees stux ed us ions a? I onotropk 

i ^ v. v.v.v,p is i rni«.o M <s psr i ^ v x 1 a ' 

30 ! $ p i 1 0k x ' N H° 

yitagont stn of die AM PA recent* iotxacochlear inft kctiveAMPA 

( stoi « j s ca d ek - N t 1 \ * 'J he cochlea. Into J 
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vlj-itrti n'*~< r<v>*<unn<^ r x " «P\i, u'ou i i ^ to c moos j v^ti 

vs i ' perfusion prevemee most of the occurrence of radial ev \n swelling ! nl er 

. «i \^ f -;i t iK k i u ■* t , n » -n n\ V i nv ui): * ?o 

, 4 , ^ \Vi)\ v< \ ^ ' i ouu. eJ nJe.p'OvC o»io A 

to-eot i r ^ ! - i <.< a) arc* o , K *hol 

jrwa^tadL t . ^ i s ^ ^ ^ ^ > v ^ ^ r v. > Le ^Werm< oo"n r 
of compounds that modulate glofamate activity, particularly at dosages sufficient to provide for 
n . > j | { , • - ru i v-.a-tn;' 

10 

\s X „ t \ U 1 Ti c U i 

pua i cal c bios! treatment of imne ea? disorders such as bean ig j & and elated c nu&ions sv« h 

1 5 Summary Of The Invention 

The im cation features methods and de\ ices for local deliver, to the diner ear via the middle ear 
and dehvey oK^v o s v ^ U e , ^ - i eo> ,o 

tTeaunen: o: . m vu, >»cli as tinratas. 

20 liOv,! 1 , l ^ N ^ 11' 'v' k f ( u « til S tu. if U- 

sxnaptic J i m * > - ! ^ ' i m iuiccJ 

t< \. ^ i upon the ncimDniOic<r c^' ) M ornD^uh 

\ i i a dev. e^e * u » b 
administration of a dopamine agomst). 

25 In^vdv . v. N f v i < d ! M.xht fK» 

, ,< , , I < i 1 I \ lutamate 

n t , no s 1 •! h n ■> n > s >k> v. 

nmottcpn v ^o <v < u i ><. ? 1 \M1H 

eeemotV ^ u s J f s < h u v 

30 *i rcpsite) 
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Ail animal model has been created in which ad; n induration of salicylate produces tinnitus. in 

s model e « nali s mediated % HMD A ecop s, bet not b \MPA recq 
IK- im cities <^ ^cx,f „ W J e^r;^ ^ „o 'he * e s.cnals thereby 

tf v ; g tinnh $s 

5 

uv v r v! s 1 v > -2 ' \ » % x haspbut 

not limited to) D-AP5 (B^amiao-S-phosphonopentanoate, a specific NMDA-antagords!) (Clin 
Med J (Engl) 2002 Jan;!15(l):g9-93) 5 Own (MK SO I > (J vim ir - 2000 
Nov;,l?{! 1): 1079-93), 7~eMoKikyin?naiate or Gacyclidine (GK-1 1 ) (Curt Opm Investig Drugs 
10 2001 Jan, 2(6):S14-9) onto or in the vicinity of the romid window niche of the inner ear to treat 
tmmm rbe nwrfoni ^n w **« ^ > ' - m& that -cause timiitos, 

\»uout« ms ! k s v.luvi * n ^ \ I f> ^ /\^th - nnsf! 

15 Q* t oi< <. >i j i I o au uuKtoit num js he 

po u - . v ( < > Kt c 4 «i He assoc ?vd v a i ^ i < ^< a ^ > * «k lato^ e* 

, V J f N < , f J > * » noo 

In one aspect ihe invent ^> n agent ma 

20 ,vv<w<v G.aa- » , ' no* 'ki! cs-.nk.'c t^or I u\u 

across the round window membrane. 

Another advantage of the im enticn is that, where the modulator of glatamatemediated 
i io on h an SMDA-sptJciiicrecepto these ! ha i nn 

25 hearing loss than otha non-NMDA specific receptor modulators ghaai n>: - utw>h 

v t ^ x ' ! <. ^ . > ~ < f V i ! I jS ICS O 

r^adau 1 - * f aM, ( ^K\o-v s .vu uls il » < m1 reelected 
period of time Use* a emu <k - evice obvlar.es die need fo regular dosing b\ 
30 , x , i k , s > o •> ■ n n * I v xa \ .lomii 
particidar compliance w th a prophylactic o>amu prescribed prior to the onset of symptoms. 



wo tmumzwm vcmsimmoixsn 
This is especially useful in populations in which compliance with such indications can be more 

difficult, e.g.. children and Use elderly. 

cioi k v , be \ on or *. i/ pi muu r v <^ n\>u oou 

5 can he delivered into the inner car with such accuracy and precision and at such low quantities as 
in \rnn!o\ c i - f «. s. n UC\ 

A further advantage is that a therapeutically effective dose of modulators of gkdamMe-me&i&ted 
neurotransmission can be delivered at relatively low volume rates, e.g., Worn about 0.01 pi 'day to 
10 % i < o us « / < - i b * x to t cr i v a, d nut ui 

inner ear, 

Uevwnlo . » , i s > ^ - '"'v m apparent 

1 5 as more fully set forth below. 

• . s twn Of The Drawings 

Fig. 1. is a schematic drawing of me ear showing the outer, middle and inner ear, and clearly 
20 I win ul window. 

t u\ s \ 5 ' * u pe h s una. warn 

v> \ov \ moi n i i s I >. ' an <n , i \ <. 

} i. n a ' *- ! i v ' < s x h )' x 5 i > ' ! f 

25 \ v W.^ . K st u 1 , v , j , s 

uba\ r\*\>.v. uv e * < ^ s, < I - \ t t v o\ hlOt'ii.,k s 

po uvt vb r 1 ! i 

j s n ;o ^ i v v eed aeousue urn m 

lb; i. ! , . v ; n i >vfa i \.a>satun 

50 minutes n his i uosl 1 bund es th ence in th 

recording before and 2 days after bftilz continuous tone exposure, Shown are threshold shift 
recorded jl - 1 v ^ ^ o r.g l i c i i n *. f artificial periiytiuah( red 

5 
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curve, control). Note the clear protection of 1 00 uM rilazole when either applied directly into the 

cochlea (blue cai i \ n he round window (green cutv e ; IIW). 'ti e number oi 

tested animals 



5 1 ^ sho t tB of an experin t« » « . > <^ - Gloiai 

* > I ! ucti; r^c os h£:t\wo 1 1 «eo c m 

ari auditory nerve fiber coding for 8 kH with aneoas rate of 8 sp&es s fotracochiear 

perfusion artificial peripby.rn.ph (AP) containing 100 u.M indomethacin (open bar) did 

itcl hesp ous I 3 hasr. application oi 5 mM 

|0 , ^ ^ ! ^ V O ^ <^ - i ■ " J V 

nerve fibers. 

Fig 4B sbo h ' t ! \ ' 1 e h l.i o >ao i.ttc aeuva o( 

spikes s ' b'o r > •. -f \ W \ ,\ oiors with SO siM o" tf «. Uld \ <n v> m < x Ivd k ^ a 

U , ^ ■> M v > atAJxu) 

» (, \ , o to co > noo -> -.pw^ 

s . >-oJ -a I U 1 . v \ < > s ^ I) 

20 NMD \ aoopoant " r)< {*> iV n fo - > >rcss»\l i ei al e\c ration oi lultm, ueive ndoeed 
b\ Ma s>ho,v j a so : , ^ >. . i n 

} . H 1 v \ \ u • . \M > „ t toi n^i i M 

, % . s „ v « \ x v 1 i a > ft ^p rntaacavs 

aito a> ofiLt uhu 

i a \ M s t i , 1 >s i i ! » i v « v i < « 

of the total S }v sound \$ > \ \ \ la > I • f s N 

ami 5. 

30 

Fig 5B e iov o d^ x > - shs kn I <• in hex <n ux>pcs>.x v, hhov n>ns e riak^a f> \ ?m a tl 
salicylate being delivered between days 2 and 5. Using this behavioral paradigm, treatment with 
saliin sol i ion (daih n ee ! > - d\ ing s 5 esc >~c it false post ive 

6 
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numbers. In contrast, sodmm -salicylate treatment Cdaily injection, 300 tng'kg/day daring 4 days, 

eve bk a >reand $ dr&stk Jot ease of the nber o 

positives. 

5 1 ag m < n ^ <. v\i <x >otcntiai (CAP) aac 1 hchauois i mod 

mkialsreoo led before (d* i), during <da> ode ) r salk rearms (< 
CVta-s >1 n r\ x ! I ! Uu o» wndov* n 

icfewnsvioatoioc i ! i ( 1 ^ ug s «. u 1 ' in 

, | i f n 1 X ! v\U ) > ' s I ' > ' 

10 dBl x ac , i i si ; 

\1 ! , 'II l u r ^! k if a * \l* 

thresholds t!f 1 ' o «. <-i ! ril i t k < d , e-lx>k t dav "> 

sx i s j v j Sk the intensity o 

15 » i ^ ' i n ^ !• H ^Phtlnli hi 

Fig 5E shows that no significant decrease in the score was observed, with salicylate being 
dt i s-redl si vee d /s 2 and 5 

20 Fig 5F shows thai false positive responses still remained rafter g&ylate treatment This 

u , v i v n i } n . - x v > < 

oeatmci s so \ a: oitoln<n n > -el i placed on the 

uxndv i ^ i vs v v v> » 1 v n K^xnii g i\^> t i i\u 

, i , s i ^ g \! mi " v \ hkxkvd th 

25 ^ i. dace; by sod usn 

v d v u oe x s x * I x x \ : > 1 n U' oi k 

t\ i ad t I o a < ! i i i i > s 5 s j i k<. rs 

salicylate. 

30 Fi^ im^^ . v.0! x ! N N >> <• 1 1 us i as 

Shown an; he uvea t-J at die mi > t in en ida 

narimals ! i < ; « ^ c )cri! h alone (A loneorMK-8 

i u! v . - " v. k » »\ i \.ie K ton «\j r- *>! \\ vs 
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compared, with AP alone, local application of MK-80L, » k or gacyclidixte drastically reduced 

the occurrence of the false positive responses. 



D dpi > 'K'fcm«d kmJ*otlire?ott 

5 

B • (K or treatment of an n:>~ o-^c^o h f ~ ee-unb-d 

i0l> t!( < I ^ C 1 , ^ W '^^ 

lku|X< 1 $ > - » > i - ,s i ^il^lo'it 

uu > x I I \ ed ! or il » a > , » 

10 j » mo > * c > 1 H 

bus ic xi 

I* u' s* be Knew, o \ . < c<,> u« f I ^ 

? i i s antes* tbc co - ) w o», ^ J >s^ it 

15 < n i > i - 1 * < ^ s d i u «. u 

to "the method of deli very" includes reference to equivalent steps and methods known to those 
0 liet in tin fid sc 

20 as couHBonly understood to one of ordinary skill in the art to which this invention belongs. 

S Lhv ^ N ^ - s I ! v fi> c i 

lv uv*. mk\vo«u 1 i I t 'o materials 

.uc ^ c c 



25 UIpuM'ca * ^ ^o ^ \ > so purpose of 

\* * l x , s - O k 1 f vl 5 >v K 1 M Ji , 

■* s rf i*ou The 

^ ^ - u ^ ' >. ' J i f i dvUv c 

is presem application. N In ( s a ad io« that the iuventio 
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fj cm « < seel by aberrai ,^nate racdwioJ eurol msm six * > 

5 herein refers to conditions that resub from overstimulation or t a - i I u» of glutaraate 
iveept, - 10 t < . <. - , - ro - v 1 J 

the libs. 

The term "subject" is meant an\ sob ecu generally ; manm al ( >. g I nmam canine, feline, 
10 equi v. - n i ! x ear disorder is desired 

Ok eronyro CAP means Co »und A Pott men olts 

{\ \ ?! s o, } o hod <>i - m it" mi a J i* 

15 v J u , . s wtiorsod 

J v. ten s ! s x xlula 

h t , < ? s < ! 1 " < N o cu mi o 

20 . m <kv i O < l < t s >< h , s It! O.a if 

binding tog! >t< > I? 

nenroitansmisslon}. 

To call one coiapt m< f *v s ! as been 

25 nade .from or < I so been ad.e from, the origin ompound, and shares core structural 
components. 

■ s is 1 id i O i 1 ) ' 1 I v 

onipoi n t d dK * at. s : i ^ 1 « > < ? > % * I < ^ ! o 

30 funcdon a.i d in dudes somers 

nace cat con >os sn - nhtm&QQi drug (defined below) 
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The term "formulation" (or "drug fomiulation") means any drag together wuh a 

>hc j ,-, t cal sptahie excipientoi carrier - el as a solvent sue ! as v ate* p 5 ( Y U ' K 

bufBred saline or other acceptable substance. A formulation may comprise one or more agents 
5 5 i oi N \?D * < * > n 

•\MPA seen a •« us : erseepto j nstsoroo \po uts wit effos s o i 

mo e I > < • 

The term 'Therapeutically eiTeebve amount" means an amount of a therapeutic agent, or a rate of 
n u ok H > h t v * * » jwdiatev. 

1>UU i ! i I l ' > « M «■ s » 

ut 1 t n,).so ! f i 1 5 n i o ; m 

la* m<- K or, ieseK « x* x >' r ^ ^^I'h 1' 

15 m \«w mm I \ uoTUtxh^taiaeurotraesmissb^n), 

Iktnr o vs., v. i» u ' , w <o du - u n, , ^ --5 - An. m 

contrasted with "bolus" release. Sustained release, fo* example, may be *oi a period 1 
12 hours, at x ours eas wo weeks, at k 

20 

the term "drug delivery device" refers to any means for containing and releasing a drag wherein 
the drug is released into a subject, A dreg delivery device may include a catheter via which a 
Hie msa«* for containment is -not limited 1 I 

HumK tP ' in m m t > i 

as iMtrl * n Ji » W J oi oiv. s <on . uUn cv en a tcrnm Drag 
delivery devfees are sp < j i L transdermal parenteral and 

u<h> »s > f ' 1 5 5 but ) bio a 

inxlud' ! > 1 - e <. I - ^ as .a n ! u iocsftovh 

o < > k * > i f * > v *i i a ^ t 

30 y^ b.ek ^ v J ^ > t - v> i i u ib v plams" »d 

ac l § >oh< x ev v n, <>m^ui :^vtqns - a oeog? Uhl* 

imp > ev. v s > ystems ^ ^ 1 por a op el <. 'a,> 
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- » n effervescent 4 t f \ piezoelectric pirmps), L v ' k devices axe split .into bolus 

injections, that are injected and dissipate, releasing a dreg all at once, and depots, that remain 

eret r i Ds 5 > ? -d ! - § < h gel i >• 

polymers and »\ oe ~ee a\ ; microspheres. A drog delivery dt\ ^e o: :i;e invention may be 

5 attached to a catheter to deli ver a drug from the device to the target site. It may also employ a 

(. u " «. < > . 1 v » J a e \ f t s - ot 

spu \ k v e ! i i ^ !! et end ro 

allow pressure equilibration as drug is discharged) maybe filled with a drug, and inserted into 

the ear s tor example through the tympanic * * with the drug delivery end resting re the 

10 I o -.x e round ndow 

fhisflowni ( ! s >sotbed il e round 

udovv ndinored i uvi ^ \ * e< , a , i d rduceyo i\bm> 

M , -or. (I «' \ e :■ d , < ,\ S .a. \ , 

15 

The term "drug" as used herein, refers to any substance meant to alter amtiffil physiology. 

Hie term "dosage sd \ >tus a deugd y device 

20 n Patten led" or "temporal" delivery of drug means delivery of drug rn a way that changes 

p ( * \ £ i ! >. f < n * 1 

^ o i d 'v u . v • , 1 'o! in W ( i V> 

n^|}' t! .^ n > touv* means gc-u \ > j \« period of 

25 di v i contrast to a pei < ss np!e ; a bolns injeetios 

TiS emis ii 1 i I - aad the Ukc \ , ho-scio ecsuvahy <. <. ! i t n a desired 

, w e O f I i ' O i >. S ^ CtC - 

1 ! t (SJ > < g !. ! ! O < < 

30 partial t<r v v \ s c v t i \ \ , ? v. > > s ( u 1 

deaaxv "X cam erf a- vivo 1 eren uu^.m < e « e-s * t i mo de-onicn t < frmm nut 
1 ed?orearu s mum i v. \m p a a < 1 1 u 1 
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includes; (a) preventing an inner ear disorder £rom occurring in a subject that may be 

predisposed but is M «a* disordea o g 

arresting devdo^sr«s\ of K\i;k/ o-s o. t cm i c> i a . k t% <h -^ase or d :>o*d>\ ^n o * 

v. 5 i s n <. , „ w CN U ih K U < K * * 

5 

Overview 

\ <l 1 k i Ss 

neuron ansmisslon can be delivered to tbe irmci eat b> di Htaton through a nnddkv.inner ear 
1.0 lUib'.M i > ! 5 1 <■ 1,101 

,>d v 'ivi sj ^ * . s ,;c.;o>kd m 

h > v 1 the inventors have discovered thai an "NMDA receptor m « i i such as, hot not 
limed u> D~M"> ^ v t v u u as -» V *di Itfoiil 

O l > K v 1 ! ^ I ^ i. t ^ d 

IS <• 1 t - - -V ^ s if ^ ! - - ^ x , m.V i ' Kflvti 

with suppression of AMP A receptor-mediated signals. 

Without being held to theory, delivery of modulators ofgtaaau uoediaied nenixnr msmissio* 

; < i ! J U H . > * > > V , d hHU 

20 Li! k v ! i s i[\nns;ol 

glsu&uiate-rtc and s \ $ > - 4^° ! voided o 

dun nedi.ot, and ^ 5 ' 1 * am. n ikaui ^a 

t. K ) i f ^| X t » i ! v-V M 1 U ! I Kit \K * 

, v s O 1 V <\ M l MS 1 » "ui 1 U I 

25 hen » w eas i d efh i N s e crocus n j b i 

AAfPAucxp i Bkiw, ! ^ok ^ejnoiN 

In V OV O v < > i 5 s $ > v 1 i 5 i i M i I 0! I 1 > 

the invention ean be accomplished m a variety of ways. For example, gluiamste-mediated 
30 no v! s s >^ J 1 ' J < > n « n * n i 

decreasing stimulation of the g! immune receptors. Prs-synaptie glutamate neurovnodalation can 
s > I i \ nuns id; \ * a v ' < 
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Post-s^iaptlc ahmatxne nenromod elation can be accomplished directly by sdtnithstration of an 

^ui\/ nit^^H J\>i e <r rot . ^ j ex \ copioii ' % , ra/xm *\rh p. u« v + \ 

binding to the receptor, to bind to the receptor ? a manner that affects receptor affinity or avidity 

fos ghsmrmie. 01 - h ^ ^ x « - K hr.enaie receptor aw'iable Tor ghnaanaie b'tt.i, 

5 d stima c Post-s p » v ) v i > s < < be accomplished indirectly b) 

i i , > i ! 1 ' v. C ! a'l '."'S ^ Ml, , ' ) 

> j 1 « ( t ^ > dr M <. s > h m M ^ > a 

\ vt i ' c I ! ? x i i b a.r- o.< - - hi ion 

10 oi ^ a an < f > > i i \ i 

SiiHuoako* ! * » k , i , * s u I'm. * 

of giuPunaterecepiors;. 

st <> t « < i! ' ' i ^ IK 'Hi.! 

15 v. < 5 ■, 1 S ! V <. "5 ■> i i O "< J 

i is desired, the modish s > > >. 5 

neurotransmission need not entirely block ghdamate activity, but rather only provide for a 
general decrease m gietamate activity \ stimulating i \ a m • Completely blocking 
\ ^ i i i s s > i it UCK 

20 is i o \ ! i K i- ! > > ) ^ ii) ! ^ 

su saJ - -.i - - ? i - v ki i )' ^ Knii o \ \<uo-utoi 

<h> •> \ o , on. \ ,j v f - » 3 ^ ^ , mo . , 

s \ i i \ lesaltinpemuawK n - nuph > i 

J * i, v rm ,,om t - < abatable. 

25 

GfeMmate Nerrrnmodnlatory Agents and Formulations 

\ O 5 > \ h i S } t i ' l 

o t f i i i -> n * « . j n iiv release. Such 

30 st >ut are \ - i n dh adirectly d 

<; j a ?f si o jotsopu ghiUn v > \ i>\ >f o \\ x 

K'vOkv os<>In o- m > s e e j a i > - j v > - ml en, s 

13 
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agents include agents thai directly or indirectly decrease presynaptic release of glutaniats. For a 



review of giutaraate antagonists, steroids, arid antioxidants suitable for use lathe mver.ti.on in the 
treatment of inner ear; s icol Set 20, 12 (1999} 

5 Bxsrnj \ < s seeess y limited to f MMDA sp< < <~ lutat) 

.an. m'.^j 1 > \ I sp » «P v 4 , pa efMkiOl 

I < t ( i « » I ' * « X < , nM» \ 

! ? v , i ! < 5 ? 1 v ^ ( ! 1 b ot I v 

trw tfen f an aai ale drags that nmmc a; a.och Ha. achoa of Ha: lateral etYereuts, including 

10 i { < s < < i < ! x s s . ^ a M< ^ ut'.n 

0 ad i n r> x \ ! 0 ^ a oo 
scdno ! i * * > v » > i< aun 
disorder? j=.k < r a x ! 1 ■> 

15 w * i v a>ed£orthe 

o t > <. e. out , n I ouO.n^ ,j , ^ ^r,< s m t ,o 

t < O 1 < ! ! 5 ' i I M !) i ), i\l 

groups may be sole, i p p V. \> < u nb - ,sulh\u^t. 

of skill ill the art taking uno account charge and size sad location of the group to -minimise sime 
20 t 'i ' t <. i \ I ! n ' s > . f. m " be 

ihgjn vkca n i i - >.< s i ^ahn, h^^i'o, 

substituted aikyl alkenyi and alkyoyi of up to 6 carbon atoms. 

1 2 i hn > N p v t ! ^ ^' N ehenuea racture: 



* > v i os of D-AP5 usa on m ata iiiona dternatm 

subsiitueut (-R) groups at various locations as shown. 




25 



6 



14 



WO 2004/022069 

HQ %' ] 

ho .....V"""^ x y"""" n '"cooh 

II ! 
0 R 7 



PCT/liS2002/028519 



7--diiorokyiyav* ate (7-CK) has the follov * structure 





IS 0< \ ! - X! v Mix S N N ' , i ^ ^ LP K i , 5 1 >5 ! ! O 1U i«tt 0 
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a n i > v r i v t d » > i n ^ it i \ j 

within the scope of the invention will be readily apparent to the <uo s a K skilled artisan upon 
rearib ied ^> provided hes 

I J I I I 5 ». I < 

ou.\ »n i <- »»n t ^ i « o tui d>u 

uhcm 0,w>,!^- iju. -cwou lve^-rb k\mj.«'< a!>pmm^ o|e- , v 

the like, 

Vgt \*\ v i i i i > t- iv pr- v idod m imy of a varietj 

of fonnularions compatibles dde veryacros a midd inner ear ntembr an e, pro ded that 

„ t n 4 e oi - b f v o s > f i f i 

tcmpecaiuv cones: o ent in the lb 1 $ from about 0.1 wt % to 

\hou HUu vU c t < Uvaser; as be < ^ ~v > .o < s-*. a „ Ks >k ! w<\ .« dt» umsi 
of agent across the middle -inner ear membrane structure, e.g\ s solid, semi-solid, gel, liquid, 
sostk no <j i\o wc- > '-a-' i 1 >srgc , tj - auuk 

16 
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lo,,at r v f v t fiv n t v , k n > *H - J) «r Fi e 

ip mtab v p u $p in connection th a catheter inserted 'near the round, window niche of the 

i v « i >. < tnt to o cn p 

5 J 1 v. l ? a oi x s i b n» d x 

the ibrmuhttvt> h, >< <n o ^e- op ^ s ' - N °^ sva s " 

,«< r < P , j o i I Ni."*^ 

! i . < U X > < l ! t 

1 0 he? , v ah ohm bcrr/yi h, > dimethyl sahhaide u N V v 1 \ ui\ ^ and the like to provide a 

{ueous surib ^snu j < x ng agi - enis, pH 

buffering agents, dissolution promoting agents, stabilizers, antiseptic agents and otber typical 

V v , , } ) { S t ■» gt x , K t f n x,! ilo 

15 <. i i p ^ ! ^ CJ E10 < n 

ujcbn i ■ v>-\ f eto, D-AP5,MK.80i, b ■ ^'<- «. inline. 

hi du > < ! ! 50 1 W l< '»! 1 J 

solution, a suspension, and/or as a precipitate. 

20 

Conditions Amenable to Treatment Accqrmngtg rm. Invention 

] u Ulc o:so (v. i t ! m eanb U tteu n q, 

pop'o »f*. » , t , > ' it ^ s 1 Juuma^ 

25 s ) ! < » oi ^oneeetsm 

1 < > » < o ^ , vt t s v ^ « 5 » s eeptoi « to . Oi 

partteukr , . s . i * 

treatment o ver a period of several days (e.g., about 3 days to 10 days), to several weeks (e.g., 
30 > l >r 4 weeks to 6 weeks), to seve* tenths oi ncbading then h n 

of thesun^c ^ <m i^h<< e~c a > „\j * oi gj \ i <> u ou hu 

whoai suseqpiible to such, may part arlv ?eae t romproph> ctic management mmg ths 
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devices sad methods *<• ihe hi vend on. Inner ear disorders amenable to therapy according to the 

MntrU.v^ nus T-i.Kef!>\or^\ 4>.s><oc- a . e, 7 hu uh„ 3}Oip f oTu >. e a te wis 01 

sak^antsa'h < 5 ■> a r s<. \ u 

5 Specific examples of condi tions, diseases, disorders, and physiological responses amenable to 
n „ » , -> 1 " i a , I \ .v* 1 o - ^ " h inn u\J to 

nti s toi i e exposure, presby 

DEUVEKY OF GlIhMUl X'l l HOMODl I AGENTS ViOMItlv; TO THE INVENTION 

10 

* i u u t < v ' is 1 1 1 ^ 

ilii rate thai is compatible with delivery to the inner ear via the middle ear, and at a dose that 
is b:uqu- .H:,.:.; Oko r - ^ , 0 o,^\ ^„a>oto} aha, e,n ;h „5s,ce sne hate^ 

remou, > 1 s { i receptors 

15 

f t «t iioiol sdenm 00 1 5 J » 1 hoi ; id. ip ft. 

me invention can be sustained for several hours (e.g., 2 hours, 12 hours, or 24 hours to 48 hears 
or more), to several days (e.g., 2 to 5 days or more), to several months or years. Typically, 
delivery cm. he continued for a period ranging torn several days (1, 2, 7, 14 days) to about 1 
20 jvr«n o Pu ;usU em month or 9 months or about 12 months or more. The 

i ! i ; ! ■> 5 ! it J J *■ « 

for od »•> *oi i' N he „ ! ju e < s i j - > 0 d o st ^ 

hm i ii j 1 i bn 11 s om Is .hp? map » ns 1 n t as 

days to about 20 d; < ys or mors, .torn about 1.0 days or more ro bout K) 

25 days or more, from about i week to about 4 weeks, from about 1 month to about 24 months, 

them about N , ; ^ < ^ - . \ - < t < I > < <> > s on about ' 

^ < % <. ; e x ! 5 < ' j < < 1 n > o 

,0 1 ie v < v 1 N ' v e ^ « iu) lr ' . id. 

o. x\! 1 o s v. > v 1 1 s \ v v. i t> ' 5 ' n ? ..d 

30 orr n c v ! 1 it 1 \ t\ 

K 1 - i , 1 ^nnh tc > i I t 

i ;-ieoh ji ya ss'ou are of parbcular mtertsr. 



Is 
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Preferably, k i of a formulation of the invention is in a ^ * u ! M > a ^ > « 
comb am -a dnfiuoru or at a substantially constant pre-seleded rale or range of rates (e.g., zmwuw- 
of agent per irn.it time, \ volume of fonnaiation for a unit lime). The agent is preferably 
5 su i s >ium« raw omabou < ib< ft 2 ml/day, p t > 

0,04 i i 5 ?. pi/day to abou < callyfroi 

about 2.0 pfday to about 0.25 ml/day, 

Long-term d< ee* * lot nd # a - o' u^Uig-tomido^ek 

10 ^impu arc 5 <. at K v N \fe o v v si > o'h ih>s>k 

u v ! i J n ddnen 

thK n< r- < v. ? is i' v * "v uo 

oi Hulled ! <. ' - «. «- » * t ! 

p| ll I , K Ki n ^ ^ J u ^ on A 

15 n r i , r^tcpwtcdbn 

or .kinui \ < 

,n,K (Hlb * M <! t * ! t « ! tlJis '\ < >\ UUfVk 0, ivu, ot 

jeen Ycabeeafe t i a Osrara , i 1 > ' * ikm a n> 

20 j i s t*' ? I Uud'Uva «. i cm no d t s ! 

; e ( f ! >out 0 1 pg % to about 200 p,g/hr, usually from about 0.25 pg/hr or 3 tig/for to 
iboaiS^p 1 i * b<a< a^i l< \ p exemplars 

oO) in, i ^ nu v. v s ) M! ■* ,1 ik l Mt» 

about 0.1 pg/hr, 0.25 p,g/h.u 1 again generally op to about 200 ggdm 

25 

\pn s , , , i 0 ! ,! u 5 a HvC.mb 

leadily de*c \ t i u a^ roou^ 

of tee drugs, and effectiveness in animal models. The actual dose of drag delivered will vary 
with a variety of factors such as fee potency and other properties of the selected drug used (e.g., 
30 " oh ^ (. I o ^ e v > i x. i \ » 
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I h , t ,\: rv . v i * h + < % ■ ^ V r e a o i n , c to ov \ i «« e a be 
accomplished in a varicly »- These include filling A middle c „ w ' a solution or other 

carrier of the agent (see, r^A Shea (1997) Otolary*gpl C/fo A/o?t/ ? Am. 30(6); 1051-9. One may 
i { I don of gelatin or Ge comprisii 

5 scc,< i,. t $1vt.-rsidn«:«S-4}.t««CWA' w S IP ~A~:> I nd i;o ctal \ 9 2) 

iHi"^r2 5:4N «3 i 1 ?~ * S v !> u ; ; f (I'^O 

/fear ! 14:199; tt eu^l a - A. {1998} Am. / <AoAgy 19:1/0: Aniaga « «/ (1998) 
Laryngoscope 108:1682-5; and KmmsmetaL (199$) Hear Res 125:109), Omtmy also 
10 k i A i ^ iiKitoro UaAnmoo oKahsoik , c uv i« I 11, 

agent see, e.g., WO 97/38698; Siiverstem e/ «/. (1998) .A>< JOtoL 190: 199-201; for use of 

Jv cck ot o<I j dbi.r b iserf * J< cL* so dj vo *> of ages s to :ht no a ^ 
uraf. (1.998) Otolaryngol Head Meek Surg. 119:427-3 i ; Park « </ < 199 } / ,iry«j xc< pc 
107:1378-81, 

15 

soA'er'AAA i\h' m ^ agendo ho un« ea* ex u ' >u ihc no «u > n K 
accomplished using the Jsfes&AR® »dow and Round Window B-Cath™ 

products, both of which have received marketing clearance from the FDA and European CE 
Mark approval The Round Window jt-Cath™ and Round Window B~Cath' m products are dual- 
20 'ud t: ole Amen j \ o > A . oi>i\>prRla? > design wlu< \ Ao coi uol ed f no A V en \o 
die round window membrane of the middle ear which physicians have used to treat a variety of 

sc lets 1 hose ca&ete s eaii i e a pn prietas v tip v> 
scure it m liie i ^ N owt c se these catht ers can b ) ft ap « As 

nauy weeks ami < e connected to yri.nge or purnp tch a igscj aifaefered by 
25 r v x ^ uO c«c» w JUMrsi!e!\v!\o \ i i «^ o \ u>u\i ' 

J , v K " < \ ! 1 <- I d 9 kC VikO 

n , ! > v o i i K 1 ^ ' ! i u > ! 

J cir I oau«f ^ ' ! - 5 1 s ^ ».\u i> v) 

[jiu 1 « c < Si s x - ^ \ s 4 o d 1,52.9 

30 lexp ssl> k \o v > sb reference. Such cat ers can be used in connection with a 
drug delivery device described below. 
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Dehyej y oufrug asjnji a cor^oikd rckasejkpdec 

In general the drug- release m^ho^-or de^ees-sdta&le for use in the invention comprise a drag 

5 j c \s v po lei I I etc t * n r elease device can be selected from an> 

oia^ iet> o iup antaHc dr g k ^ ^ o * e i i ,u ar <u d - i ad> c f*« deliver} of a 

he u> u » 1 ' ^o-iKp * ^ 

rouldh, ear merabrane and 1 the inner ear. 

1 0 !> specific embodiments, the delivery device is one that s adapted for delivery of a o h i 
S i ery devices may be adajjied for at ? tk 
Mint «n }i s v i" ox < v., > vi Pi <■ f ^uihu 
pumtnh sm * si , * <^ sa k v .» » sn iu» ^ 1 jj.i \ ixmotou^i 

s < f -nr Sision!*; adnvmMcovd 10 t N B n^ > 

15 < < , 1 n>«m 1 m i v i k m a > kmc? 

The drug releas l& a th ent anbebasex rpo ad tush system, a coiwective 
system, or an erodible system (e.g., an erosion-based system)- For example, the drag release 

a i \ I s , h ^ ) ' O \ 1 li 

2.0 mrs i t i eg in k a s ! >rovides fos 

release of dmg formulation concomitant \ dcgtvdauou of a nmmnnsmvano \ u u 
, u < i ^ ■> - n, ,et * ^ lr ot t u - i rents 

en sba vd upon an elect odi I or s] stem an s i o tp an 

i> m x, v ■< | ! in swe-n cu, 

25 

Where a drag delivery catheter or other delivery device is used in connection with a controlled 
release device, dmg can be delivered through the drug delivery catheter from the reservoir of the 
controlled release t he roan i pillary action, a 

^MlU>n piC— , i < < i ! , S < < J s ! < M V 

30 i i the device am rathe in Intra! AR ! < ) 

above 
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The drug deli very device is generally capable of carrying the drug formulation in such quantities 

and concentration as therapeutically required, atsd must provide a u e protection to the 

i i ) ! t ^ bodv p'o^s-es or i ^ d, ^juotmip n w^r^dc: \jv v bo 

a f t a i <w * i v < * v s > m K s kal 

5 k 1 < Porikn s( - ) $re expt ns fits contents \& ma \ « oo 

manner undo* stresses ii would he subjected to daring ast Used' is reserve rraust be 

biocompatibley bstai ctive *ilh re peel's bod y fluids) 

N imdye materia 1 - >^ ! i v. 5 

10 t t k t i e polymer j a hiccorapadble metal or alloy, Suirable polymers mhuu- bat cue not 
necessarily limited to, aorylonhrbe polymers such as « ^ < t » v > " and the 
like, halo jt > i I 1 .yurethane, 

po 1 yd h y hi kP ymes t < yaopyla 

po v k vinykcetate (EV A), pelynnide; poiysulibne; polycarbonate; polyethylene: 

PS ,< v - > y i v < s s ! \ u ! i 

, , ro pi t s n i n i -> SmUN «ux 

described in The Handbook of Common Klp^: SboiS and Eof£ CRC Press, Cleveland 
Rubbei ( o i leao md, Ohio. 

20 MUi < ! J - ! 1 1 

steely aiuro a < ralkn >iate< *s ail* 

» < t * s > n > net n to 

; v p t n I f 5 1 ' i i ! num, 

, l v < ' d V \ , < 

25 

;v ( ii , < 5 o x ? \ < m ! u t , i 

biocompatible polyoertr including biostable polymers and biodegradable polymers. Exemplary 
bioslablts pots co>l e, be . raee^ > e< k-one. pop etliane, polyethet 
'idn.1 s ^, \ v v $ \ | o v a, \1ok 

30 thloiotruUnroo v po^ e, o K , , iVlTV. or " relton™"'). speRemy butadiene 
be* *w U > t 1 » 1 ' n i > f Wo j 

a )oIy\iedr.!pei polysuliotie aid other related biostabie popnurs >U 
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biodegradable \> -j include, but are not necessarily limited to n <- ^ 

j\ ,i -i < .-go^co" eu x - - n *.oroi eiKe o 

\ t . »f vk „IC^ , v <> w a -)r eh Ox 0 «)! Or C O 

rb < polymers 

5 

\ > ^ h , i ! i ce 1 x k\ ^ an ii < < 

s chaired n h, devi< < ' s 

drag, and from winch a drug is released. Depots include polymeric and non-polytnerk -materials, 
end njr be u>!m *. , v ^ r. '■ n ' a .v, > n c u ■> as ^ m K p < v u 
10 iKU'tKvirni- < ^ no .X si s u» - f N ^' 1 L 

»jiiien ; «' x \ ^ x 1 o? ioi, u .01 if >vl < h <. ml ^ 

Patent Nos. 5,747 ,058 and 5,968,542, both expressly incorporated by reference herein. For 
uboicK x 5 ^ N u P 1 hed 

hloo? x ,\ v> i 1 w » i ^Ihni I o i «. * Ut S 

H *nzoate>l 2~pym)Udone (NMP), dimet1iylsiilfoxl^-^3!iiTO),.:OJ s r® In 

ton w k >■ f es such as «than.ol, mo I h u i u>> 

Wliere fee formulation is to be administered as a spray, a propellant may be added. The solvent 
can be added to SAXB in a ratio of Mm about 5% to about 50% solvent- 
Mi 

\l VUI^ l , v > O )<k > <.!!<?! Li U 1 

_-.cn \ v. * \o -o - „ <• pt.ssadrug 

vb\cy u nnprising a earlier tbv s v u m * •> \h v u 

i \ aeria designee release the agent * c ler over time, and 

25 « - x , >u 1 n t . t k „ n\i>a«I^n,h^ mh 

Dn' kIus \ , 1 ,o v vxv*. >^ c i t » <j . *u } ^ f ^ n ah tx 

) v f^O i it C v i 1 U ! » 

v < m s s, > < 11 fh » , i n> - m k <.v-. 

30 include those described in, for example, U.S. Pah Nos. 4.692,147; 4,360,0 19; 4,487,603; 
4 * -j. u << j > 1 ,ih id ' 

ct using any o rietyo.fre i e I i > ! t ^ ips < 5 d 
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other corrective systems axe generally preferred due to their generally more consistent 

controlled release ove. time. Osmotic paeans are portieab.rh preferred due to their combined 

v^o ti *v - \ u ! m 1 1 leiMOte 

pumps ht > ROS ;mc cp ^ \ iri\ sv^domd (see. \\o > 27S4 and 1 S 

5 Pat. Nos. 5,985,305 and 5,728396)). 

s (.aWio I ^ v. t > \ 1 \ s i mi 

0 r* <M Ob d *iv ^ ! . ! i v. ^ ^to i host <_ai 
provide for tele i e -i dru ' in i ai ge ■ I - «es oi from ah ait 0.1 tig hi to abo v! .boo pg lo and 

10 v! i<. « » J v. > > «. > lio i o o 

>o n. < < ii u. > " UM "> j M bo 

generally from about 0.2 pl/day to about 5 ui/day, x > . from abom 0.5 pi/day to about 

1 1 o to one 3 < « k., the vobitne/tlme delivery rate is substantially constant (e.g.. 
delivery is ganeodiy at a uae ; about < to 10% of the cited volume over the ebad time period, 

15 e.g., a. volume rate of about 

fa general, tin dni| deliver) devices suitable for use in llie invention are tin s« 1 caj deiiva 
, u e< 1 -> v 'bv at a low volume 

rate e.g., on the order o.f nanoliters to microliters per day.. In one embodiment, a volume rate of 

20 i mo ^ M ' ' <. iv dlu. \ > bsHU ov X< 

perouo:2 <. u - oo » a i that period, 

t i i ; iaok a i ntb( out i 

i k hi t > ( I \ \ ■> " i 

3,845.7 /0; 3,916,899; 30923.420; 3,987/790; 3 ,995,631; 3,91 6.899; 4,016,830, 4,036,228; 
25 4 ? 111,202; 4,112,203; 4,203,440; 4,203,442; 4,210,1 39; 4,327,725; 4,627,850; 4,865,845; 
5,057,318; 5,059,423; 5,112,614; 5,137,727; 5,234,692; 5,234,693; 5,728,396; and the like. 

no ic.vfri. 

i v S > vi , s i > O 8 i i 

30 delo us de< e g h c o 1 m- > v < { ; , fr - \ \ s.o axe otmosam 

t o<y v 5 i v v nX- haonga eml 

$o Mir'.b 3 u v 1 I ,a Jo t v or, ' < 
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second etui '(or "disiaP end) for delivery of the t i i t « to a desired delivery 

s V o 1 ^e * . dd % en sOn e- r» otx\ 3 d c- v.rd oi d v e Jr is deM \s cvdu ~ > e . he 

operabiy connected to a drug delivery device so drat the lumen of the drug delivery catheter is in 

1 , l l v < \ dv vi u „ o ,f a \ 01 

5 contained in a drug reservoir can move duo the drug deli -very catheter, and out a delivery outlet 
of the catheter w! < sp \ >t -^eu .o :cc lounc vu«dn cmbt t 

uu k\lun r ^^v po io , - • i * m> khoii wu'wudie^ asu 
provide to; deliver I agent t ? h& n and wrndov, roes foreec 

10 Hie ** w s it- i \ « I , )\'u e^irpanKe ws 

providing s 1 > < < drug forma oi vher< bed v v evi < pens; 

o i 1 <. i. k > ! v ! 1 f k x kn en 

leading from die reservoir of the drug release system cm be designed as described by Theeuwes 
(1975) J. mam Set §4:1987-91. 

is 

! { can he oC an> shape (c g , c un ed, si nst mm ) 

Tito drug delivery catheter may be produced fisra any of a variety of suitable materials. 
20 e : to\ , s - ee.aurh, liable for ir oioduetioa of the controlled, drug release device as 

hxeraplarv si. t^po «. ^Im^m, s» f v 1 u\ 

il » Ho\ es sit pol , h k > * a\ , < s e ^ I > ^ oti ^ i Y>Y » 
j oi \ < - kfc) i oi i >l«ue ierepbsu oi j > * liqm 

25 crystal polymers" FEB AX*; HYTRElf; TEFLON®; perffouroethylene (PFE) pexflouroalkoxy 
resins ; N i: « i < > ! 1 ^Is, snd/or 

Hi, do v .i x v s s s > iate s or agents^ eoamjps on the 

30 4V!a , ^ 3 \ «s o i do j i de> ealKvet 

i cr «. }a\ul* e > » v K i K" ^ *mi i « u ^ 

uiil e,ci inocr , or outer s < , he coovai r el siH •. r or od\envise c > t o n . ed with 
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antimicrobial agents, thus further reducing ike risk of infection at the site of implantation and 
drug del; very- 
Iii one embodiment, the drug delivery catneter is primed with a drag-comprising formulation, 
5 tc. is substantially pre- tilled with drug prior to implantation. Priming of the drug delivery 
catheter reduces delivery start-Bp time, i.e., time related to movement of the drag from the -drug 
delivery device to trie distal era) of the drug delivery catheter. 

\ , HKV. 

10 IVlivet; ao.nodu o i v e ud<. caa«nd 

r < >n < moi ! to ulnmk^me? <mvj.\ n.atyvi [ I .he 

stapes footplate) can be accomplished through ruse of a delivery das ice such, as those described in 
dvoCTiixd S Pai Nun 5,4? « s .mam* < 

x ■> i < i 5 s v 'Is r a i -.n 

\5 x i ' t j »vi 10 

~\ -m . a^m, < h - a a r ^ vs -u>i ro be macros luanoOta 

embodiment, the device comprises a plurality of reservoir portions and multiple stem portions 

J vt > .J » ^1 !V , x O - C l< 'IK! U i\" * } 

microsurgical techniques. In still another u the hm« comprises a reservoir 

20 i nm i ^ ! a ! ^ > . i N - * w u v - u I ho second 

s v v ic x t * f 1 * s ' h t a si 

^ , n s j i ^ „ >p ^ ■> « u n ' hi ^n o 

, w v. < v * ^ « < 1 v i n < to < nr j.j . i 

25 \ > e.rdevii si bi eh < v. o desi a* a U.S. Pat No $,045,521 Phe 

,Lx m a ' ^ i f * - ! ? d t > i e h \ aU 1 k» i 

\ a a § . ' ■> ! > i ! i ! h 5 aJ < ! 5 

some embodiments i < n ! s < > 5 f > < 'a 

File co ember eaob « stmt ij compress! i 

30 

P( 1 Pa>U tan No W m*' JesejiKe ;axvk a\ w i ut use in 1 v munis r 

whii idaiu v.ompnso . * nd - - „-,. j >j a m, ?a or e on mre >sajigc \av\ 
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theretlnongh. An inflatable bladder attached to the < ondmt, and ss sized for insert on it leas I 
partially within art internal cavity of the ear (e.g., the round window niche). When inflated, the 
bladder e ges si -.ua - 1 s ot c t en cavity to aih 1 >iadd an< p< of e 
> > h i n v .m. o ot dmis * * non s aMt*, 

5 

1 ^ < v <v v 

m a p h embodiment, a drug delivery device can be implanted at any amiable n >1 ni n i 

i - kxiovu in»h i [u > « o* 

necessarih limned to a ;utHlenmd, sebeuun ouv. mtraini^uibr. ^bie; Mnutf-V sue within a 
10 ^ v. i v. ^artlf sm 

of die ear, Subcutaneous inydautauon sd.es are pretested because of convenience in implaarauoe. 
and removal of the drug delivery device. Delivery of drag from a drag delivery device at an 
implantation site that is distant from a delivery site can he accomplished by providing the drug 
delivery dc\ ice vkiia eaUwur 

15 

The drug delivery device can be entirely or at least partially within an internal cavity of die ear, 
.a t , < > i o d ,< t <un i • N y uda. » g erbcx 

spaced apart .from the round window membrane or positioned against and/or adjacent the 
membrane. 

20 

s , i ed i ^ i o> > > 1 1 in the 

Uu,»v o x nraea avmbTvao 1. .aeiph < « > r „ on cm be 

t , ; , n j j , * t i uih b'phktC 

n nl ks v n > m s i imuwitha 

25 rnidd.ie-bu.mrt i> Uiemam i ivei levice can be inserted into the middk 

i] ' m y r i x N i , j < v > hk! o "vMMVHvnraWio 

Mractme ! iiwU'i Vdn i b\,>\' o ,\ n ^ 

ear, and a catheter or other drag delivery conduit operably attached to the drag delivery device 

pOMuMO^K l I !V m 5 x v. ! v 5 Of I 

30 mum ■> 
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Le t c a drug d i des utbeaocomp edbypas ng ie< ice r a port fee 

device (usiijg an appropriate microsurgical \, m of eorw en Clonal design) tmough or under 

the is aipanie membrane. The gvmpanie membrane preferably lias an incision that, allow <• hk 

drug delivery device, or a portion thereof, to pass through. Alternatively, the device or a portion 

thereof can be inserted into the middle ear beneath a tympanomeatai flap. Proper orientation 

and or hise iu *. i ' i a v i v - . \ \ t i f » <. « ' 

Patent N 5,419 ! »berg< 

Plaeerum > » i « ' u »am«a dragfrm dovictwil* ow m 

contact with ai least a portion of a. middl e-inner ear membrane. Packing materials of the type 
normally used ... >p 5 ib bin the ear to secure the drag 

delivery devk m .iisdeso > < i naivmtoalcavi oftb i Vgenti rek sed from 
the drug delivery device upon reaching the round window membrane, and travels ifemugh a 
un$ ibi m o uni s* 1 u > t i r i ud 

into the inner ear. 

li general, the drug delivery systems and methods provide numerous benefits and capabilities 
including: (1) K k ^ m . 1 .r> . mod delivery of therapeutic agents imo the inner ear 
through til, tea h iu^, ikiit^ (: <. < < 5 n k; i ! ^ a < < »t< t 

j.»h r. » - va r« N >^ -<r ! 1 5 1 5 1 11 1 

u u> » v ^ t a. ^ s \ v ! i «. ' 1 t t a uoi 

M>rt t il> iu ' mi » + K 5.ar .ai o a pa c» on > 

cached pa adua.- rvi uos m .-a «t»>. t -tbcomfort 

EXAMPLES 

ivlray-'ls and gai-aa::.;: 

Vi * xto k 

Experiments were peri s ma 250 I ! * 

i idss sti ithuretha * * < p.) lariiiici respired, S«pf 
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wo tmmnrim h. r ) simi 0285.19 

doses of nr ethane (0.35 g/kg, hp.) were administered every 2 lav or more often if the animal 

Withdrew Its paw in response to pressure applied to the paw. The rectal temperature was 

,.oo > N u 3 s - :> x\ ismlhwnrau im o^ 

<. v . i v v u.d i iory canal was ope.n ed near p c ! . > 

5 on s n k i ■> , ~ s. id wicb s 4 i m v. r uis one , 

si the end of the t> s were euthanized In ml c inject 

i <, ! -n&K *v p W<> < * n aj 

ioij;: : A:pc:ac; : y..;:;ait^:pOP, 

1.0 Methods for intraox s < re generally perforn 

\e uohi > o > > ? > v ^ ' 1 , U <md 1 t 

sn < - i i 1 i f f > i w< n v | i o n 

s^ s 1 K v , S <. > J • mt.t'oMK 

0 v lk t t ! 5 u Hi 

IS perfusion ot ptac ; - t s > - 1 1 At 

do i v.s v v. i •> s si f k ne the 

reversion uy of the agent's effect. The artificial perilymph solution had die following 
compositions: 1.37 mM NaCl; 5 mM KCt; 2 mM CaCl 2 ; I mM M.g€! 2 ; I mM Na0C%> 1 1 MM 
glucose, pH 7. 4 5 ost i £±4.2 moss EPO). Five to iei aj vsrensod k 

20 v k v i s o 

D \f > ,md Mk \ ! so 1 w *. v % ^ vul 't ^ m'i fn . i 

fi w si ' v s ^ , v s f }i { n \ w o 

i , - , » o I o ^ oki 

25 

1 l ^ 1 V ^ ) I N ^ ^ , i 

w cere dehvon i ^ u ! ition per horn 

U!",<H)i ! \ , w < ^ U pt^ U! ' 

i mode of chronic dein i i rib tiu 

30 c v ! i ! > v ! * s r | i si s \ rc\ 

i k v C V 3 ! . s i ^ f s pevnnenis 
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Experiment were performed in order to detoaiae the highest coaemtrarlori of agent that 
provides iMgrnileani hen< icial etToot, but does not cmiv .^n, i^mihc< \PampYmk CAP 
latency, or decrease CM a v " - If ho eorxenttairori of drag duKhange the CAP amplitude,, 
tnucase the CAP latency, or decrease the CM amplitude, lower concentrations (not lower flow 
5 t « h i 1 to ^ Ki \ !> n >,k t 

cphtwh, mchet conn us (no er flow rates) wen 
I 1 1 ? K ! ) >oup 

\>w,* < { * 

1 0 Tone bursts (1 ro rise/Ml timw 9 ms duration) were generated by an arbitrary [unction generator 
eCro> <- >e 9100R t a rate of 10 tihies per seeoixl Acoustic straailiwwe 

, <> < . i j >i!inacl«edi\^ v i i \i 1 ' - f 1 

Intensity ats ; |n'i * e < .ors were obtained by varying, .one « > i« >^ tOOdBSPL 
s 1 i n touwi ^ i > <■ n ! J * i ' 1 0 * ! "> 

15 (CAP: Ni-PCs Hi latency, cochlear microphonic (CM) and sutrtiu » poteotUI (SP) were 
K.ooledion astbww oeeoA ^vtor A UlVn v m ,p: fm >u< op ? pbuwl m a -Jwd b» «lc 
made the seals vestibuli of the basaltwm of te choclea Is •> i * ! 

(Tetanic TM 503, gain 1000) averaged (256 samples) and stored on a Pentium PC computer, 
The sampling rate of the- A/D converter was 50 kbfo with a dynamic range of 1 2 bits and 1 024 

20 v i v.> on c^io'd of the t AP was defined as the dB SPL needed to elicit a 

t\ v e » K oVo t) 

Statistical < \ ■ tysjs. Analysis of variances (ANOV K) and N v maan-Keuis multiple range test 
wew used to determine the significance (p < 0,05) of agent effects. Data is expressed as the 
25 meat standard errot 

k.wmsM, ^ . > > ! » Mtin i isp,\uUoi wie tn 

K ihorwa s i i i ! * ! <■ eattir liius 

J U J K n <M IM < W " ^ iW VaU 

30 

He iJ hi < ii n ! u «. \ n. w i orator 

^ .m^nrouC! > j ,a x i wew A^ w< v ^ * a, Prn^ C Cm\ R Aoc* RP 
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Bobbin. J. L >uc}> JP/nws/ 518,667, Iwfco Bnetl lie tesi .solutions were applied otiie 
i oi Mo . iM"; a r\slr-bo- el pu .", ?u<n pnv..; t \\h v^ti aniens; pl.vea a a a 1 < ^ n <*ie mi uc 
basal turn staia w \ p.nv irx . cdtoiVv -r . wo.mo dmumh a 1 ok v ) " 
lianieter) mads £ s apes I cochlea icrve was xposed using aposterio - pproaco 
5 x l 1 n ! i ^ 0 ? "> hod \M 1 2 C«a 

iUitO SvlOl- Uiu s i x , ^ * s v< o i! 

seconds. The unit's tuning curves were then determined by a computer-controlled, threshold- 

f | » ' m ' 1 i - o 'v. > ^ u a i > v << V 

Oak of 10 spikcs/s, i.e.. 2 spikes difference behveeu the < (200 iss} and non-tone (200 
10 n ou i v v ■> ^d e \^ . \M >ii k ) IK 

Uaiu J U J ' ! i ! - tiM>>'^ iaxkivioli 

at 10 dB above the CP threshold. 

W <. < i i i k 1 i o ' m mnc 

15 .p v i < , o ^ ^ rvry inner 

hair celts (elsewhere (J. H»< C, Chen, R, Pujol, 11. P, Bobbin, J. L. Pad, J Physiol. 5 J 8, 667, 
- >y) Fh€ lypothesh hi oc us c $ fesi cochlear &\ laptlc 

s , < | < h " < - v v 'i piopKM a 

(AMPA) receptors was proposed. As shown in Fig. lb, blocking AMPA receptors wiii SQ \M 
20 v ^ t \ s < N < k ~ i v » ! I s I ! Uo M xnii tns 

ctivilyand " ! luce< c tnd. A. o - > v&s an 

p n , s { , S t ! x aieyclidme or 50 pM 7-ch j d CK) had 

so ■« v i I > \M'»\ j < n 1 i ( .al 

25 e. ,< ! > ' ' - - ! o ^ i i s « un s ^hu 

l S ! v. < h 1 X 1 5 

BMOOOiolLJllP^ 
W rdo\ 

^ 'v v ^ 1 ^ v'. i ' K a v 1 i an > m* 1 > < 

poruiMoniP.WiTi 
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was investigated. Results . * 1 ami m I .1 la whwu e u^,^ represent the mean mp. mat. 
of the CAP as the function of the intensity of HI s - m -> m stimulation. Mean threshold was 
< icu > from : lift nm mi - do r ( a x h a tie ntraeochleai a»£ chrome? > k1 
Si yp nofi'vi reduce the ( V sirs do ma ose-dependent mwmt 

However, the effect, was 10 times less potent wive ilia drug was applied onto the round window. 
Flie aim of Uk m t or pare th :! z t faeut< N acochlear peri sion ( UCP) oith 
e no ac u< .ad swre\m p^imin-n (CIvVvP) on < o . 1 ,s 

t ip is (I s i i i uml I Ski ? 

10 Vi * < v it l l > W t i - l.Kpl \ 

iu v j 'i { < \ ycu'kJ km Miph»uuv Crajhx> 

shows chronic roam! window application of Rmaole also reduced the CAP amplitude hi the dose 
upiu 1 1 < ml s ! ! s - k l u n > ( aku m 

i \ ! ( ! 1 , t , t t - sUK ij 1 < i \ Kf O 

15 m , > i i aembrane. 

^ „ ^ ^ v, J< >>, x W <n .w \ , 

w ia Kul i m >fR'h s 1 1 m m 

a Kvi ^ k 1 5 1 N v x 1 n o»^in H> 

20 dc t x 1 x IMwok sunn ) nk< moo s t i U'mN 

ot e -rov\ x m< dv ! m - \ d (Compound Ac; u > i , trdto <! ; d ut 

d\ v f t s ; > i 11 unirau 

* m s 1 1 o a« the dittemm , kuu^t 1 1 

<h\ nhi ^ H 1 1 o . ' a * ^ 5 <~ n N < * * '<> d< dd 

2S « 1 1 1 p tu m 1 \ > f K< vh » 

> 1 \ d ik' e mm s 0 

5 1 x \ 1 ^ l i , \ \ \ it) 1 i i ) 1 

h ^ ao xi o \ I 1 ' x \ t u < 1 

30 x ^ ! p > < 0 v 1 v * > r t < t ! ! 5 

,i s p,i! i i m Ateialp 1 hmpl i ; i < S 

SOP nam tone p> i tor 30 ml pa 1 » » ». res ad, a 1 ^o - h\H permancnf 
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A -s«oU ^ u s-Uuci on," ^ - - <\ 'i . . ^m-ss When 100 

[.AIR ^appsulu ctiv i 1 . a eo - I > 5 j rA. sana 

Afoot wat- >< dned\vhenR j/elevxar aec lea ctj>* \ u \rJ > 5\hv, Fr^u *is estps. 

caj te com de that perl on f Ri izole onto die ound \ ndov. lembn c - ffeetive i 

5 protecting the inner ear from noise trauma. 

An experiment was earned out to determine the ability ofperiused GhAanmte antagonists to 
supj citation. T!\e results are show inF*g,4. 

10 

1 ^ < < ! h or r.v>\ „ .he* eodn ' na J 

kf ioj i A? J ^ 1 * 

pa pi P> » ! V < > ! J ? i ^ >mt«HKon 

activity of the auditory nerve fiber. In contrast, application of 5 mM of sodiura-salicykte 
15 i n ^ ' ! , \ poutancous Sm ^ttiM- 

Fig, 4E ows res s e fib r coding &r 9 kff -A . m a _o > N rtfvilyof? 

?p A > ! \ I > ! \ I ^ J <> " "» 

,N op n< A ? ^ ,N A < ^ » * )> * m choked 

20 ctivity b 3 i ^ - i 

Fig, 4C, shows results fern a .nerve fiber coding for 7,5 kHz with a spontaneous rate of 5 spite 

c v , v - }*» ' ook «k.i V . hi\ « title 

\\tA » i « ^ i v ve induced 

25 n s v ! u the fiber 

\f >m ^ , ^ \, - , A 5 \ v\A , t V U iAo. o von.n on a^ion o! 
sodmxn s«iLc>la*c n <■ ! !! 1 > A ^ 

AMP A to* pe on cvp N i s ^ x < * i i ' s t u s o 

30 antagonists suppressed excitation of toe auditory nerve induced by salicylate 

ojjus 

loveril that the ex< ^ N c i i <■ e fibers repairs in 
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wo tmmntm KrmsiwimHsiv 
perception of Unmms, a behavioral model was designed in rats based upon an active avoidaii.ee 

- \ nmah were U \ e ' \m*}v e I > •■ v. v> 1 w < <nnu ,^ e<nwu-> sag <. I K\b er^ - 

of 3 s duration, f \ * -j were carried out and the results are shown in i ;;: 5, 

5 Fig 5 A shov\s reauds hu e. * m ^ e^r^ -~ ^ - vn . \ ■< < v ' i\ 

of the total (Score j sotuulvs te lays > with salt j kdivered between da 

and 5, 

1 i- ^B fa lit j t i\Xv. s ttVv | vCS) 

,10 5 0 < > ! ' ' ^ p uWWhUit 

sa i u j < eur 4 i.p wore or false positive 

numbers. In contrast, sodiu.rm salicylate treaovem (deny inieodon, 300 nvgdsg/day during 4 days, 

i.p.) provoked u i < > c increase otdhe number of fah 

positives, 

15 

t * i i i ^ ! \ s l < tud 

oifu^ mo o « n - v i> ,n Us at! O o 

< ^' , 0>i. ■> > ! i v ^ » , v v ouiea! \ mipiaatec rou ( window i 
response to a tone burst of 1 ms rise/fab time and 9 ova duration presented at a rate of 1 0 times 

20 per second. S > \ enM ! ! ! * luring 4 d i.p.) induced a 30 

dB he. m v \ s ; < ! 

l%5T>&bevs4. x f ss s ! i > s< \ > \ , neiit. CAP 

U s » s o . ,i - ' k i ! %i n K 1 (i 

25 un < i o du ! u t i i o-^ ti ! o 

voi v i v N k <o ^ <. % Mn r d * 

i ^ <• l l Sis S < > 5 i S<0 

delivered betv een days I and 5 

30 

Ig 5 lows false positive response 1 t I n tent 1 

demonstrates that die increased number of false positive responses daring sodium 'Salicylate 
treatment was dee to oc< > ' i * he s * 0O u ub 

ro u^ \lo ss s s e . sop s, < t < s s !> v v ~ e nc 
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.remained unchanged. >\ contrast, round window application of 50 uM o.f?~CK blocked, the 

oaxxnmcz of false positive responses. Findings indicate that tinnitus induced by sodium- 

iVu^usc- 5 ii + u o ^<xil uWJAr ■> o - 1 <■ i io,vKai . ^ x 1 v 

i ; t. \sl« suppresses ikmihm ir.duooe -s 

5 salicylate. 

i ■ go . \ j mt , - " ^ ■* >m « b 

To ipp < v x - 1 s u ear NM 13 A receptors 

, 11 ! < < | l ! v. h ' «. 1 f 

10 s \ i ! » \ \\ \ 5 fO <U tO* * 0«Kv 

{ * 5 ^ » W < SH^ K-f>OS ^ < liKOl 

t^iio ii u v < > ov * , *or of LOtMu, Mi "d ^ (M.riko 

! ' i o\itn ^ e^pon 

v o i the reduction of the score still been unchanged (Fig 6). When compared with the 
15 vl > t s 1 \ s it t , mil noilix 

positive responses fell to 0.7 ± 0,21; 0,7 ± 0.26 and 1 * 0.21 for MK 801, 7-CK aed gaeyebdme 
< , v < x i * » . ^ oi cochlear fet 

\>£upncti on - V «. l <•! > r - u^uiceni 

draxtas 

20 

1 O SX OV ^ » i M <. v. i 5 SO' MO >< A I ^ ,1 ^OiX 

gktaaxA on < ^ * * ^ha>.u >\ W ^ <. a <* ! v ' < s > > 

25 M ov vk"u o \ annus ihecaix j *. « su.< s - il < H^cdi. 

tsV> V ^ s x ^ x s * ,, ' \ ne i s i i vM U i>« 

> v. in v ! ! <. s MKl\\lh\ !OJ o^ 

! , o w x <. > * ? > s i D x * - <> ^ > i jx > u > " x 

Mk - 11 » s \v ^ ^ e ' i v> i < v < w o ^ 

30 i v. \ . x v > ! u ? \ ! i ^ l<> ' 5 I \ so 

itambrane > i I pes foot| hi ! x^ 1 s es of such 

drugs may equally be used. 
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.Having herein described preferred embodiments of the Invention, it is anticipated thai suitable 

n Lit -j <->vmmA rcn dv 5 >t m b t t \ s ? ^ n i wt t < tu eibe,e?\ 

within ihe scops of she Invention, For example, hie invention shall not bo limited with respect to 

the _ v i v. compositions used or construction materials being employed. In N regard, the 

5 . < < ) < v.v > v< > <. >. v \ mi % m< an^ 



Clams 

What is claimed is: 



1. A method of treating m inner ear disorder in a subject, the disorder 

! X ' v nu <v J\f - v i vd <.» 1 v ^ - i K JK> * 

comprising the steps of: 

fcj i ^ s j ^ , \ i » u 

an agent thai modulates i \ n i m or sodium channel function, 

thereby treating the vnr^r ear disorder in the subject 

2 The method claim 1 wherein the taiuiation i ed t r d window 

a tn a .a ^ ■> v\, l. 'in >.aC n> 5 <mm ^fuv nui ^ i c 

osnlis in i f » ^ 1 roarofiK 

subtest o | o 3 t < > - ^ * » umino 

i no et < 3 suhjec 

3. The method of claim i, wherein the agent Inhibits pre synaptic release a : i»tan ate 

4, The method of claim i wherem the agent inhibits l< n h ' nd , o 

> wrctciux i <>\ tcaptoi 

antagonist 

4 Thenar! d o< . i n, a. ? . « » p * v ] ? <mH a 

NMD A v aai< gomst 

, v ! < , < s. * \ ^ * , It } H'il It 

y t < , s s > \ V ' \\\( I'M V 1 . On >5 

a illume- fbaiaof 
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8. The method of claim. L wherein the fonnuladon is administered -using an implanted 
drug delivery device, 

1 I ' > o I nv v( iiMoaahM 1 iv vowuis ih< 

m dole varsoox * 10 i r i \ , e ! t c.us-kUviiJ." n^ihraiic 

I \ V \ i <■> S t ' i f 

hoars. 

a His nvabv! of dawn I ; wherein the agent is delivered from ! »« , i to provide 
for treatment of the in >rap f a.t k 

1.2. Tht n t , \ n , son sr is ec 1 fh s he roup 

trauma. 

i , I i \ > i i n a i 

W » \ K \ V O 5 , ! . V t - i N > 

14 l&e pharmaceutical composition of dmxn 13, wherein the NMDA receptor 
v , n i aro' dvi \ a.o ^ ^ >d uses thereof, 

15 4 system for deli ves o r ^ > i In ana n 

w k 1 1 s . »npn-'t? - k J y da uv and a drag and wbeonn 

ia i dulatos s nu dtmrrxd n s » nth. im k(h ■< <s 1 > 

t fO Jdv ^ v. O tN I O I I ! s t ! 

! x { 1 d n mhdvmw* tor antagemfat. 

1 Si s ! ^ v ! s u ' O 5 i ? ! o - t 
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' - - ' - slo , > ixra; v ids 5 i:iv-aii%o < ,bt.r\:o 

1 S 1 he system of claim 15 where; «.!eu\x ) do* i< e am pi se« a pun :f 

20 fhe sys o - v a \ N s i s'MOArecep 
modulaici ^lAiroakt-mediaied r^iiroiransvnission. 

] s ,v -, s *. s m s consisting of : 

> V x n <! I ' i > - K 
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AMENDED CLAIMS 



|Eeeeived bv the International Bareaa on 7 August 2003 (07.08.03) ; 




2. The pfeanaaceufesi compcsvaon ofc'iaira Lxvhexem Ke agent Lnhibitspre-- 
synaptic release ofghdawna. 

3. The phaxmaceutical composite* of claim 1, wherein the ageire MM* 
glutamate-media^ 




v> IK v c < >> K ! ^ s N< i x it - 

antagoKst ;s selected Iforn die group consisting of D-AP5, MK301, l-oWoto^renste, 
' d < ! ^<u>f 

?. A system for delivery of a drag to the roimd wMow me- otoaoe of the inner 
eeitefet ■ v> h j I i 

uKvo;v ,:oKrrJ.o ; Mh ,)io -woru j; ^ oe.'i , ^ - s -dialed 
v ^ sio^i without causii ii « icaU » >a ted wife 

. i > a - u?f t thco^c f b vi ' > < 
rou&d window membrane- over & period of at least 24 fours. 

Die v-st oft ati reh i&sdm i &K viODA > e«ot< antagonist 



the group eons th of D-AP5,MKS0 7~ch) - our ate, ttyoMw xnd 
derivative or analog! 



iLTb.es 



of claim 8 
of claim 8 



besacatoa 



12, The system of claim 8, wlrai the drag is delivered at a rate of from about 
0,1. u.g per hour to 200 ug per .hour for a period of at least 24 hours. 



I i Jo . v i:c-m „cun.* n n-iiereis the drug is delivered to $ 
^rkxl of at least rk\a "> days 




15. Tim 



ofolaim 14, t 



y Hi-x: a.-J cf c^a-t Lx * - 
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17. The method, of claim 14 whsreiti the age-M Is delivered to the mmd window 
membraae of the mxm. ear for a period of & least about 3 days. 

IS. The method of claim 14 wherem fee agsat is delivered at a rats of from 
aboiit O.t ftgper hour to 200 ,ug per hoar, can&ma ipcs fat lea £4 boms 



AMENDED SHEET {ARHClt 19» 



WO 2004/022069 



PCT/liS2002/028519 



1/7 




FIG J 



2/7 



Acuta intfsoochiear perfusion Chronic BW pef?us>on 




1 H ..... » 1 "'- ,., : i ...... 

0 SO 40 80 80 TOO (T~2Q 40 SO 80 100 

intensity fdB SPL) intensity {dB SPL) 



(A) (B) 
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